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(54) UQUID CRYSTAL DISPLAY DEVICE 
(57)Abstract: 

PURPOSE: To provide a liquid crystal display device simple in constitution, small in 
power consumption, capable of gradation display and short in response time. 
CONSTITUTION: A liquid crystal display element 1 has a pixel driving circuit 3 
supplying a picture signal to a pixel capacitance 2. The pixel driving circuit 3 is provided 
with a data holding part 7 for fetching a data signal being information on a picture 
display when the circuit 3 is scanned by a scanning signal and holding the data signal 
until the circuit 3 is scanned next time, a gradation signal control part 8 for setting the 
effective voltage of the picture signal to be supplied to the pixel capacitance 2 based 
on the data signal and a polarity control part 9 for inverting the polarity of the picture 
signal based on a reference signal. Thus, the picture signal to be supplied to the pixel 
capacitance 2 is an alternated. Moreover, the dynamic range of the data signal can be 
reduced by almost half of a conventional dynamic range. Furthermore, the effective 
voltage can be maintained almost constant even though the dielectric constant of a 
liquid crystal layer 6 is changed. 
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(57) imm 

m^Bm6(Dmmmt^mti.xi>. m^m 




1 

* {c^^-r 5 iij«ft#(^ n^mH ^^^-f ^mmm^ 

±.fim'&^m^^^. mm^m^tm-'Xtj:\^^tm'^-^ 
^^mmmm^^t^'^h\zm^x^^^ ^t^mwit-r 

[0001] 

[0002] 

l^M.^'^WzVyl^i^:^^ (field effect transistor : 
FET) t^hfi:hmMh'7:y''J^^ loi t. 

lost, m^x^^mmmmi 0 2 tt-h^j^-^x^^^ 
mmmM 1 0 2 ji. mmmm 1 0 4 mmw.^ 1 



(2) 4^M¥7- 2 5 3 7 6 4 

0 4{cMi^Lx^nhtitcn\^m^i 0 5 1. ztihwi 
mmi 0 4-1 0 5m\zwt^ir ^titzm^um 10 6 1:^^^ 

1 1 2 ^cS^$;^^TV^5o ^ LX. ^^^fi 1 0 8 

[0 0 0 3] ±td.^mmhy>i^:^i^ 1 0 7(i. yt^m 

^A;^ $tL^*^m-^>653iib±J65ofc t # {CO N:|^«g t 
^j:^. "f-i^m-^mi 1 O^r^ft-LTT^-^^f^jaiKHilpl 

ft-^^iij^^l: 1 0 2 4b^J:U^i^^^^fti o Sfc^J^Q-T 
So "^^d. ®* h^^-i^;^^ 1 0 7fl, ±l5co^Sft-i- 

41 0 2ioJ;T>*i^|^^fil 0 8{i, urn h^>'i:^:^i5^ 1 

0 7ft^ONiikmtfj:^tct^\cmmh7:yi^:^^ 10 7 
T^^P^Az^^tbfc^— ^m-^^. ®^ h^^'v^J^iJ' 1 0 7 

[0004] ^ Ur . 101 60®^ h^^^iy:^^^ 

20 io7f^. ly^w^y^^mmmi^M^m^-^mm^m^h 

1 0 i-(Dmmmmi o 2*3^:1)5^^^41 0 a^zm^ 
[0 0 0 5] w (Dm. mm^M 102 (Dm^am 1 0 e ^ 

ri-o :i<Dtzi!b^ mm^Mi 0 2(Dmmmmi 0 4i,z^ 

^hicj mmM^i 0 4\z^m't^miMLiE 
30 ■^(Dm{^^^w^Bm^mmxh^m^a^^y<^^yi^^i^xm 
—xh^t. m'^<oz7u-'j>.mm (sohz-vohz) xit. 

ct*9. mmmmi 0 2{cmu-t-^w\mB-^<Dmi^^. + 
101 -(om^t -x^^m'f- 1 0 1 -'(Dm 

1 0 l-o^^i|#i4^-T?feS^^i 0 i-(Dm^n^ 

40 t^m^-r^zt^cx^. ^mmm(Dyvytifi^m^fz 

[0 0 0 6] 

^(DmuB^7^mm.x{t.. 11^^41 0 2(Dmmm^ 1 0 
4^x.nnj^mM\os. fip-^, ^^B^ioejc. iE:^ 
mm\^(D)mmt^'^m.mw-h\\'r^mj^t-^^-:>x\^^^o z 

y ^ UVv^d, ±i5C0?^^^ 1 0 6 tcRlJtlD^tlS^^^m 

50 jEco2{^t/^So =B^oT. ^'^n^com^ummmm.x 
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[0 0 0 71 ^fc. ±m'^^(om^a^7r:mmx*n. v"- 

1 1 0^c^^^LTV^;5^fl:t^cO:Ml^^ciol^T^i. 17K¥ 

[0 0 0 8] ^tx.^^^ ±,^^^(Dm^n^7T^mm,x\t.. 

[0 0 0 9] mx.Vf^ ?^^^?j^^McDiS:ffl5>^<5: 
J: "9 t)f^6;i)>iw:^v^^^{c:brcoT^^-<Diii^fl^ft■i•. IP 

t). '^mi^7f^^^(omm^mmiitm<t^^x\.i^o. 
[0 0 10] *rc. ^K^<^)^m^fi> fn^D^nsmEEtc 

xj^^wm&i 0 siz^m^tixi^^mic^ m^BMi o e 
(Dmrnm^^mitLxv^bo w^q. mEEv^oxx^w^m 

V = Q/C 

[0011] -^^fj:TNmm^B(Dmmmt. mu^ti 
io6f^. mm^mi 0 2izi^w^tix\^^^mEEx^ h 

< is^tc, m^em 1 0 6 mmmA 102 io^i^ 

mz{z^n;^ti^mj£i^. mmrmc. mu^titzmMx 
[0012] ^j.±(Dx 0 mm-^m. 1 0 2 \zmfz\z^ 



(3) ^P5p7-2 5 3 7 6 4 

{ci^^^^tLsmn (M^m#) (^^^bfi;^^ m^^si 

[0 0 13] ±fE<DPnm^.i^^m-r5fci6{C, m^L 

mt^^mm-r^fz}sb(D^^^m^m::.m^i^fzmj^<r>m 

20 \i^o!KM.^^\.X\^^^o 

[0 0 14] :^mm\-t. ±M^^<D?^m.^kz^^t^^^ 

[0 0 15] 

^BmTj^mmit. ±m(Dw^m^m^'r^fz^{^. mm^^ 
't^^^(Dm^Bm^m^7^*^'^ hv yi^:^mz]^i^ii^tifz 
m^m^mm^mx.tzm^Bm^mm{:i:^^^x. ±mm^B 
30 myj^m^n. -^(omrnxm^i^^^mv^io^mmiB^-^ 

fi. T^^m^-^zxoxM^^titit^ic^ m&Lm^{zm 
-r^i^mx^^y^—^m-^^WLOj^^. ±mr'—^m^' 

[0 0 16] m^m2mm(r>^m<om^Bm7jkmmn. ± 

m<D^m^m^i-^tzisb{c. m^mimm(7:>m^Bm7r:m 

^^titzt^\c^ mmmmcm-r^mmx^^v'-^m 
^^^n^^i^nm^t. ±,w.y'-^m^\zm<^\^^xm 
m'^<Dmf^mmxmm,m^(Di^^^R^^'^hBLU 

[0 0 17] if5tt:^3f5tt<7)^PJ(7)?i^B^^7F3^M(i. ± 

m^'^^fz^^commtt^^mmn^^^^^^m^M^ 
50 [0 0 18] m-^^A^m.(D^m<Dm^Bm:7v^mm-ts ± 
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[0 0 19] m^m5w,m(omm(Dm^sm^mmit.. ± 
^t^^nm-r^n^^wtt. i.wM'&^mi^^^. mm 

[0 0 2 0] 

fzt^\z^ mm.^m\cm-t^mmLx^^v'—^m^'^m 

[0021] ^fz. m^Bm7r:m^(Dmm(DBMm^m'r^ 
mm^±m'r-^m^'t'rtiitx\^^(DX\ y'-^m^(D 

[0022] ^ibtc. v^-^{t^^cS-^^^T^iJ^^a-^(D 

m^mi£^n^'r^(Dx\ m^Bm^m'f'<Dm^B(Dmmm 

[0 0 2 3] citLfc J; y) , mm^m^x\ mmmti7i-y\- 

[0 0 2 4] m:^m2mmcommzxti\^. mmmw}^ 
g&fi. M^m^-izx^x^^^tifzt^icv'-^m'^^ 

i^n-r^^^^^t. ±w.v'~-i^m^\^m-^\^^xmi^m 

x\ m^Bm^mm(D^m^^^:^-'^mtfj:^o 
[0 0 2 5] ^fz. m^m-^t-^mit^iv^<DX\ mm 



(4) 4^^^7-2 5 3 7 6 4 
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^<-t^Ztt)'^X^^o 

[0 0 2 6] ^btC. x-^5^^f-^{cS-:3V^X^i^^m-^cO 

m^mm^^^'rh<Dx\ m^Bm7r:m'T'<Dm^B(Dmmm 
[0 0 2 7] zti\cj: 19 . mmmM^^]^ 

J&^o, mmm^i^^-^mx\ L;5-t>. yt^&^ft^^^ 

[0 0 2 8] m:^m3mm(Dmmcxtiit. mmmW}\B] 
JO m&m'^(omm^Rm^'^^tztb(r>mmtfj:^m 

miB^^^^'r^^^\B}m^^^\cm^x\^^^o z(ofz 

[0 0 2 9] m^m4w.m(Dm^{cxM'£. mmmwi^ 
mmm^f>>mt\.tzt^iz^ mm^Dmi^Ltm^'m 
-r^^xi^mmi:^M^^mt}^m.^y\\^ K-r^-:^. m 
m(om&:7^m^^Lfzt^{z^ m^mmn^:^^mt'r^ 
^xitmrnizM-t^mtf^m.^:^^ K-r^ tmz^ mm 

[0 0 3 0] rixtcj:*). mmmmm^(Dmmmm.^m: 
m-r^ztt'^x^^cDx. m^Bm^mm<Dmmmtj^j: 

^-x^^t^-^t^^n'&'t^m^^^b. ±iaw^#^ 

\z^y)^ wmm^^tm~xf$:\^t'n'^^Mzt^\^. 
%n.y^—fv v(Dmm%%^^mm\zWi^'^^mmmm 

so [0 0 3 2] Z(Dfz}^^ y'—^m^CDp^m 
i)m'^^f\.fzt^{Z(D^^ y'-^\t^t^mfz\zWi^^th 

[0 0 3 3] 

[0 0 34] :^m:mm\^t^t^^'^ h y ^ y^mm^B^iTT^ 
mm. (i^T. mzim^BrnTr^mmtm^-rh) mm^^ 

-t^^m(Dm^Bm7r^m^^m^x^K^ . ^m^nmTf^m^ 

mmmmmn3t^htj:^x\^^^, ±j^(Dmmmm.2\^. 
mmmMAt. mmm^A\z^\^)^xm:nhtifz^\^m 
m^t. z.f\.hmm^4 - 5m{zmnhthtzm^Bm6 1 
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[0 0 3 5] ±^mm^m2(Dmmmm4n. mmmm 

[0 0 3 6 ] ±m(Dy'-^^^n 7 ^mm^-MmM 

m^ms 3 a ^ift-Lx. T'-^m^^^mwim^^xxf^ 

^m^mmw3\mm mtthmTik^'r) \^t^m^h.x\^^ 

vx^m^ 1 \mmmmzm'r^mmx;^^r-^m^ 

{.X^m^ 1 tc^Jfjoi-^mJE^^-fb^-lt^ r ^ fc J: 

m^icx^x^^^thtit^ic^ y'-i^m^-mmmm^ 

[0 0 3 7] ±m(Dm^mmu9i'i. mmm^mmns 

7j<vfj:\^^mi±mmmm:imm^tix\^^^. m\^mmu9 
fi. m^^mmm^-^s e a ^ffvxmi^mm^m^^A 
ti:^^^m^\cm<^\^-xm^(o^mm^xmi^^Rm^ 

[0 0 3 8] ±m<Dmmm-^pmm8\'X^ y^^^i^^^ 

[0 0 3 9] ±tE(7)ilj^iglf)lElg§ 3 (CO^/^T. !E1 1 tc^ 

#^^h7>'v^x^ (field effect transistor :FE 

T) 'f)^hfJ:^mm V-y^yiy:^^ lit. ^^^r'vi^ i 2 

y'-^^^^WtS 2 a\z.mm^in. KJi^lEfI#j|!|8 

m:(Dmm\mj^m'^hyi^^^:^^ i 3 46j;t>*^i|ii$ij^» h 

[0040] ±fecoiij^ h ^ 1 1 ^^^t-^ 

^ms 2 2i^^\^xy'-^^^mmwimmf)^hy<f3^n 

^jEm\±(OTi-xniy'v'-i^m^'^=^>'y^>''^ I 2{zmu 
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8 

V1M 2(1. mm Vy^^'y^^ 1 l;d50N<^^<i:/cCofc 

[004 1] mfBW^l.(D^m^ 1 iiOll^ h ^ > V? 
1 1 ti. 1 7K¥^^^PBmfCj^^fi^j|||gtb(Hlg§;0=^ 

^A;^^n^^^ft-^{cJ:oT|ii^^^$:fi. ±^Lfc 

[004 2] ®^iEitj[ElS& 3 o:>m^\B^UmU 8 fi:. 

sa:5^'rsiS?^st^m/E^3^ h7:/i;^^>5^i3-i4t.ij 

^^MVyi^^y:^^ 15-16 tt^hfl.oX\i^^^ 
t^mffiSS^ Vy^y^J^:^^ \Z(DV\y^ :yYt-¥mmmM 8 
8a(C^j^^tl. i^'l ICO 

:^*5<tu^=^:x-7^>'iM 2tc^^^n. y-;:^JlMi|>i^J» 

20 [0 0 4 3] 3SSf4liiE^;£h^Vv;^;^i$^14COKU>r 
:^fi-{|ijmaill8 8 btw^J^^tL. -i^- hisi:t>*y-;^ 

So ^*I^J^ h ^ v.v^;^ 1 5 K U'-r Xl^j^coeHi^ 
h-^ vv^;^^ 1 7(Dy— ;^{c:1^^^ix, ^—vvtm 
mhy^iyy^^ 1 1 (Dy— J:i>'=r 1 2 

m^th^ y-:^nmm^m2<Dmmmm4\zmfi^^i%x 

iS?«it^m;iia:^ h^vv^x^?^ 1 3(^y-;:^. *5J;t;«. ® 
30 m\^Mi^W^'^hy>i^:^i^ 1 4 coy— h J:0^y — ;^ 

mm^ti. y-:^i^mmmm2<Dmmmm4\zmm^ti 

[0044] ±fat7)iS?1gftffijEIS:^ h y y^J:^ ^13 

xmi^-r^o fip^. iS^^t^mjEss^ h^>'v>^i5^ 1 3C0 
40 ^ 1 4(Dvu-< :y ' y—y^w\(Dm&t(Dmz\-t. )^mm 

[0 0 4 5] mmmmmm 3 (om^^mmu 9 (i. u^m 

y^i^ys^ \ 7 ^ 1 St^^^/^oT^^-So ^tSSiJtSl h ^ >- 

'Jy^^ 1 7CO Ku^^(i+tijma^>j^8 8 a 

h(i^^ts^jMt^^8 6 a y-:^\-tm 

JO ^t^^fj« h ^ > v^:^ iJ? 1 8 C7^ K u-^ y\,^-mWIMM 8 8 



-5- 



(6) 
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[0 0 4 6] ±m(om\^m'M h ^ ^ v?:=^ ^ i ? • i s 

1 8(DON/OF Fit^^li. ffitt^JW^t-^i^S 6 a 

[004 7] ±m(Dmmmmm^ 3 ;55iij^msi4 {c®^ 
mmmrn h^i^t^:^^ 1 5 coy- h • y-:^m(Dm 

EEVgs;6SVgs<Vonn O # tc^ipi^Jffll h 7 ^^v^x l 
[0 04 8] ^ LT. mmWrn h 9 >'i>:^ ^ 1 5 <Dy- 

h\cmm^rifziB^mA(Dm&^v^ . mmmm4(D'm 

EE^rVpic t-t^t, Vpic =Va -Vohn tfj:otit 
tlc^iH^Jt® 1 5;050FF:|^»^?^^>9. ® 

[0 0 4 9] m?Lit. mmmnhv^i^:^^ 1 e 

(Oy— h • y— ;^rHlcomJEVGs;55VGs>VoNP £0<b^{c: 
^ifri^m 1 6 60 Ku-O- • y-::^mmm 

8:^^^oNikm(7)tt\^n^ -mmwMs sh/)^hm^m so 
m^yi^iy^^ 1 s^xxj^mmmm h^^v^^:^ 1 

iii:r:^^f:*(^)mffi;dS]ii^S«i4tc^^D^tL. 

Ait^m^n^o ^UT. M^S^J^ h^>'>>;^>5' 1 6(7) 
PIC =Vb +VONP tfj:^tit^iiCm^UMmh9>^i^>^ 

1 e<Dmt}mm. ep-^. jii^miS4{c^jbD$ti-5mis 

l^t^mJElS:^ h7^-i^>^^ 1 3 • 1 4(Dm;^mi£<l:t-«t 

[0 0 5 1 ] ±m(Dy'-^m^-MS 2 a. ^Sft^^ 8 
3 a. {f^^A. m^j^B. *5j:O^1Sti0JWt-^i^8 6 

^i^^^-Y- hi-t^ M\^mm5(Dmi<Lt:mm (gnd 



#§B¥7~2 5 3 7 6 4 

JO 

[0 0 5 2] mst^hm^^^^^ij:'?!,^. mm^m2(Dm 
mmm4\cn. =^>y'>'^i 2{zuw^tix\^^^r'—i$^ 
m-^\^m-^\^^xmmt^^^^inti^m.m^'X^^mmm 

[0 05 31 ^j.±.(D^ 0 ic. :i^m:mm\^f)^t>^m^B^m 

xmm^m 2 fcm^^i-6ii^{t^(75^^mjE^i3:^-r a 

[0 0 5 4] 19 . ;^^iS^rIfC7:>^;0-S?K^^^^M 
EEfl. li^iE®)lHl?S3;6S^itfi-f-tcJ:or3t^^ttfc^ 

mmmm.2\^m^^^^ti^m^m^t^^mt^^^(D 
[0 0 5 5] ^fc. mmt^t*^i^mt^^^(DX\ mm 

[0 0 5 6] f-^m^\:im<i\i'^xmm.m^(D 

[0 0 5 7] -tLtcj:*:). t'^»m::^;65/h 
[0 0 5 8] 1^, m^^\^fj:\^^m^Bm^±^<DmmmW}^ 

v^y (a - S i ) m^Mf^L. ZCOT^Jl-^r 

y ^v-^tcjzt) >^:/v^;^^ (TFT) ^^f^^-f^c 

^{^ctt). zti)^x^ ^ti. mmmwim 
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[0 0 5 9] ^fz. mmmm^^z^m^^^^ui-- 

r^/^S1t^<h7^^oTv^"C4>J:l/\ r<7)^^fcji. |ll4 

(a) tC^-TctpfC. ±iELfc^<4^Jt®m-^j»8 6 afc 

^v^m^m'^^n^-x^mtt^^, ^tz. mK.it. mm 

(b) {CTsk-rx^iz., mmm&2(Dmmmm4n. mm 

135 9 m\±mmm-^ms 6 a Atf^ti^m^izm 

ic. [^m (b) {c:^L?^c^^*0J^^9{i. ^Wt-^^^ 
± 1- ^ ^ ^ lEl S& ^ )^ L Ti ^ -5 1i ^ ^ o T V ^ T t> J; 
^\ :i(Dm^i>a'X. mm (c) jci^i- j: ^ tc. Uti^J^ 

[0 0 6 0] [^5g0iJ 2 ] 2^^P>^COft!lCO^j5S0iJ(COUNT 

[0 0 6 1 ] :z|s:^;^^«ltC>e)^>?)>6i®e^Q^;^^gfi. HI 5 

*Dj:t>'tti;^^Jt^ h7>^>?^i5^ 2 2<Sr^e>{c{i;tfci1t^i: 
fj:oX\f^^o 

[0 0 6 2] ±m(Dmm.mm h ^ ^ ^ 2 1 1^. i^^^ 

j»8 8 brBll-SE^tlTiof?. Ptl^fI-^$!l^g|5 8C?5^tb^ 

ft-i-j^s 9 a \zmm,^fi. y-::^\t.m.m\^mmwf^hy 

umhy'^i^:^^ 2 2it. mmmmhy^i^:^^ 1 5 • 
i6(Dy—:^:$sxx)^mmmm4m\zm^ixx:i^^. mm 



(7) 9^m^ 7-253764 

72 

^15-1 6(Dy-;^(c^M^tL. hfi^^^m:;^^]- 

^flXXi^^c. 

[0 0 6 3] m^mn hy>i^:^^ 2 \ (D¥— h:}oJ:U' 

^ 2 lisxumtimm hv>'Z^:^i^2 2\cm^t^'t^o 
10 [0 0 6 4] ±M(DnMmmVyl^^y::^^2 i^^xim 

tfmmhyi^i^:^^ 2 2n. ^{c. [^^{^on*^^.. ^ 
mmmmmm^ms 9 ^^ift-i^xmrnrnmrn^ 
mtfj:^. is^nttmBE^^ h^^-v^;^^ 1 4. mh. m 
>^i>:^i^2in. ±m(Dmmin-^^*^iLibT-f>^^^fzttiz 

20 [006 5] m:hmm h ^ 2 2 ji. ±m(Dmm 
8 -^^hAti ^ti^mmm^-^mmmm4 {zmn-r 

2 2;650Nt^S^7:^ofcii:^{^a:i;^^mh^>'v^;^ 
^ 2 2?5^bA;t;$nfc®fi^lt-^^, tiS:^^mh7>i^;^ 

^ 2 2t^wx)^oN^mtfj:^^x*^w^^o t(Dm(Dm 

30 ^(1. mm(o^MMi(Dm^Bm7Ti^^mtm~x'h^o 

[0 0 6 6] :i^T\ tU;^0j^ h^>'i^X^ 2 2/55 0F 

tt^o ^(Dtzbb. mm^mjE^^hy'yi^:^^ 1 3 • 1 
4{zmti^mm^Mmi.xh. mmmm2(DmmiiZit. 

[0 0 6 7] ±i5co7=^-^{t-^^8 2 a. ^^m^-ms 
3 a . mmmtiumm^ms 9 a . m^-^A. ft#» 

jE) . mmmm4\zmn^n^mmB^ (m 

miti-^tzisbiz^ meiZTTi-r^^ ^>^^^^-'hn. m 
\^mm5(DmiiL^mm (gnd u-<yw ^t. ^fi-^com 

[0 0 6 8] m6:^^hmb:^^fj:xo\z^ mmMm h v >^ 

m2(ommmm4{zmu^h.^mmm^-(om\^7!)mm(D 
mmiB^izx<>xm t) hfi^cDt mmzmmmiim 
mm^u 8 9a ^m^^umt^t^^'hi.vfh^^ r t 

so \zx^^ OJ^^mt^ixho Z<Dtztb. iS^H^mjEiS^ 
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V'yy'y:^^ 13-1 4{c{^. ±.^(DUnm^t'^'^%±. 

[0 0 6 9] u±.<o^ 0 :^m:mm\^fi^f)^^m^um7r^ 

(i. iij^^S2(7)mfi::65B&^^Lfcttl^. ^ctcU^M 

[0 0 7 01 wHic J: . mm<D^mm i <7)?i^H^B^^i^ 
[0 0 7 11 ±m<ommm^:^^^ ON ^m^mm-r^ 

[0 0 7 2] mmms} ^mm<D^hi,ci^(Dmmm{c 

o^/^-clll7(cg-:5v^rI5^.^i-tLf^: UT<Dm^X^^o 

[0 0 7 31 ^mmm\cf)^f)^^m^Bm^mm:n. mv^z 

l^^^{zm:^tzm^tf£'oX\^^^o 
[0 0 74] ilBO^^lElK 3 1 fl, m^'^^^l-'f'y<^ 
Zfyy—^X^'O^ ^S^l§3 2-3 5 <i:. :=ii^^:y^3Q 
' 31 h9>i>:^^ 3 8-3 9 tXmj^^h.X\^^ 

-^UT. _hlSO 3 8 • 3 9fi, 

ON:^m\Zfj:^t. iE^-r. f&:fer:$5oFFt^ffii:/.^^o O 
F F:!ikBtfj:^fz:}j(D hv^i^y^^ 3 8 • 3 9 fi. -^n 
-^'tKD^- }>\zmm^tifz^m.^3 3 • 3 4t=^>^y'>^ 

ih3 6 • 3 7 t<Dm:^mzjZ'ox^tbibtifzmmi>^f^m 
i.timzoNmm\zm^t^t>^. z(d^o\^i^x. 

Vv?;^^?' 3 8 • 3 9i^>^mzONyOFF^m^m^i^ 

>'i^>^^ 17-1 sizmti-r^o mmm^cDm^m 

it. 15Hz-'31kHz T'^^r <t;65M^LV>;5^. mzm^^ 

ti^h<nx\tfj:\^\ ^<Dm.<Dm^\t. m^<o^mmi<D 

[0 0 7 51 ^±(DJ: 0 \z. ^%mm\zt^t^^m^u^7r^ 
mmmm^3(n^^w^u9p^mz^ mm% 

■r6^i^[HigS3 1 ^^bf-{i;tri.^5c zcDtztb. 



(8) 4#^5}i7-2 5 3 7 6 4 

^i-izmmm^^m^^^'r^^^^tm<fj:h<ox\ mm 
Lfzmmmm-^ms 6 a mi) isj:i^m\km'^m^ 
^^mt-r^ztt^X'^^, 

[0 0 7 6] ztiizx^. mim(Dmmmi(Dm^Bm^m 
WitmmcDi^m '^m:^mhii^t^{z^ m^B^Tj^mm 
(Dm^^ X ^ -mmmt-r^ z t t^x^ 60 

[00 7 7] fSi. ±t^(D^±m^ 3 1 (i. M^^-^yl.^ 

ti.xm^^^'^^i-'^^<^y'u—^^m\^^^ixt>^i,z^ m 
10 xff. ^ w-^-^iiig&^^fe^. mmzmm\.fz\^^t>y^ 

^m\^^hzthx^ho 

[0 0 7 8] immmAi ^^m<r>^h\z{'i^(ommm\z 

ov^rl§]8:}b^i:r/[g]9^c:s-5v^xm0^"t-tt^^. )^j.T(Dm 
^xhho f^. m§^c7)i§Ei:±. mm(Dmmmi(Dmm{z 
7jkLfzm^tm-<omm^^'r^mmzn. m~<Dn^- 

1 0 0 7 9 1 :^mmm{z:^^t)^^m^Bm^mmit. mm^ 
m2{zmi\i-^mmm^comm^wt'^t^i-^^^^^^ ® 
20 &im^(oy</i':^m^n^'r^m^tt£^x\^^ho 

it. m^i.t^\^^^^Bm^^<^^^\^{z^7jk^ti^^itmm 

[0 0 8 0] :$:mmmizf)^-f)^^m^Bm7j^mmit. mm(D 
mmm 1 <om^Bm7rimmz^{ir^'f--^m-^'ms 2 a<D 

{^:b'9tC. lll8{C;^i-J:9{C. ^^-^5^ jf-^^ 8 2 b • 8 
2 c $:{ix.5<!:*tc, >'</w;^i|iI^J^it-^^9 0 a • 9 0 

h^^h\zm^fzm^tf^^x\^^^o -^fz. mmmW}\B\ 

^iHi?S4 1-4 6;6>f3/c^orv^ao mmm^umns 
it. iE^m(D^mm^^ t mm^n^mm\B}^ t m^^^ 

t?ii:^SiHlS&r*fe'5AND-NORlElSS4 7t>^hfl:oX 

'5EX-NOR(lIS&4 S:^^btj:oX\^^ho 
[0 0 8 1] JilSOx — ^fs-^jgl 8 2 b • 8 2 c tt. X 

^i^^jUy'-^m-^^y'-^i^n^7\zAtl-t^o 
jte^iJ{C*3V^Tti. 2e'iyh (bit) (Dy" 

40 mUmm^^B 0 a • 9 0bli. (U^ L?'^ WNVl^^ijil^J 

m\B}mzmm^tix\^^^o ±m<7:>y^^\^y.mmm^^it. 
m^mit2izmu-r^mi^m^-<Dy</uy^m^mmi-^M 
mm^'tmmm^-mmus . w^. and-norhi.ss 
4 7{zm^i-^o 

[0 0 8 2] ±m'f—^^^U7(D^>^y<—^^m4 1 

it. ^^ioip^i^^ u V4 >y<—^\B\^X^ho ^ 
-l^^m4 lit. ^mm^rmS S ai^^^Xtl^tl^^^ 

m^'t}^^'h ±t'^ tz t ^ izo N'j^m t fj: ^ . 7'-^m^' 

50 ^^nA Aiz^ti-t^o ^fz. :yy<—^M^A lit. 



15 

h KR^ VX^mm^-mmU SfDAND-NOR [Hli& 4 
>'y<—^^^4 4^^hmt}^ti^y'—i?m^^^^'r^ 

[0 0 8 3] mmi.c^ ±m<D^:^y<-^\3}m4 v^ 

4 5(Cta:^-t5o "^fc. >{-^^<-^^^4 2\%^ ±fa(^ 

^^{t-^:0*-^ ^ o iTc ^ # O F F 4^®. hfi:^. ±IE 
CO-f >-^N*-i$^[sIig&4 5fi. OFF)|^ffi^;^^6ii:fJcO><^- 

UTPili{l-^^J^^8cDAND-NOR[HlS&4 7 tcm:^^ 
-r-So ^ ^$'lHlj^4 5 • 4 6f^. ^^-y^— 

[0 0 8 4] rcDj:9(C, t"— ^{t-^^8 2 b • 8 2 c 
^Jjfgix^^— ^^'{t^fi. ^ >y<—^]m^4 1 • 4 2(7)0 
N/O F F J: »:) ^JISI $ tUT A N D - N O R lHli?& 4 

-^[ElS&4 1 • 4 2^^;tyt1t^[i<:<iri'^ft:bi9(C. 0«J;t 

[0 0 8 5] ±IS<^AND-NORlHlgS4 7 11. Ji|E^ 
w^-^?Inig&4 4;!)>e>A;'j^tL5-r->5'fi^, i3J:r>\ 

^^-a^f-. OFFi^^t^.^^0 gP"^. AND-NORlEl 

^mmm9(DEx-NORmm4B{z^-i$fm^^mt} 

[0 0 8 6] ±ie(DEX-NORlHjS&4 8fi. AND- 

NORmm4 7 7!)^^Ati^ti^y'-^m^-^. m\^mm 

m^M2(Dmmmm4{zm[\i-^o ex -nor 

-i^m-^^-^<D^^mmiB^t i.xmmm^m2<Dmmm 
m4{cmmir^, ±is6o^iim-^(i, ^(omm^—moo 

mcDmrnrxm^^fy^mmm^'r^mn^ti^o ^to^i^ 
(Dm^it. mmcDmmmKDm^BmT^mmtmm—x^ 



(9) ^mW- 7-253764 

16 

[0 0 8 7] ±IEC>x — i^ft-i-il 8 2 b • 8 2 c . 
m-f-iSSSa. V/^->5'lHlSS4 4(Dtt3;f3^|Cg|Ji!^tl. 
ft-^^D. y<^i^::^mMMit^-B9 Oa • 90b, AND 

~NOR[pIK4 7 0tB;^^{::g^^$tLfcft#^E. Sit^ 
^JtWft-^168 6 a. ®*mffi4. :fc«tt^. ^f^jmffiStC 

Bi^o^tt^^sm-^ mm . ttmz^ mmm&2{z^ 
10 [0 0 8 8] rrT\ [il9{c^-rj:p{c. ^<}v:^^'mn 

{t-^^9 0 a • 9 0 biCii. myf^\^f^^^^<)\^^^W\W^ 

hi:/2(r>mmm^t'^. Sv^{c:on^^®(7)Wp1^5sisu 

t'^I^J: 9^-UT^^^$:J^TV^6o rc7)fc^^^>. and-n 
ORlpIjE&4 7ft. ^>'y<—i^\B}^4 3 • 4 4lCj:i9i^i^ 
^^^-CV^5x--^5^ft-^OT{il^^y h (bit ) ;550N4^^ 

(ot^\z^ Ty4(Dm^tinoF F:\kmt fj:^o ^tz. 

AND-NORlHlif&4 7fi, ^>'y<—^^^4 5-46 
\zX.n^n^iXX\^^^'f—^m^(OAL\iL\fy Vt^Oniik 
20 m^t^\Z, T/2(0^r«1fc{tOFF4^1li^/<^6o AN 
D-NOR[5Jj^4 7{CjoU^r{i. ^fl^^(0'f—^\B^ 

\cx.^oFFm^.<nmmk-xmm\^t^\^\ a 

ND-NORlHli&4 7(00FFJfc^iiO^rHlft, >f 
^^^4 3 • 4 4ioJ:0^^>'^^— >5'IeIS&4 5 • 4 6 J: 

tH^o o^«9, AND-NOR[hIM&4 73i)^f3m;^$tt'5 
^W-f-fl. ±IEO-r ^[11^4 3-4 6(Cj:o 

[0 0 8 9] J: ®^^S2(7)lij 

30 mwm4^x.xjn\^wM^T^\zn. ^ >y<—^m^4 s 

--4 6{CJ: ^9{^i^$ttTV^:5v^— ^«-^{cJ:oT/^/i-:^ 
d>o. jl^T"C-?:<75^f4;dS^i9t^:b5 3 

Mf^Hmt^Jt. M^^fi 2 <7)?^b^pM 6 ^m^ir^m^B 

[00 90] — m^an^ t(Djt^^mm^ v 

-'^^m\^(om^mmveff {cj^^cxmrn^^^it-r^o 
±fBcoii^mmveff fi. 

40 [0 0 9 1] 

[^1] 

[0 0 9 2] iiZXykisbi^tl^^ 

[0 0 9 3] :^mmm(Dm^am7jkmm(ommm& 2 

m-z>x. mMiMe^ BP^. ®^^i2^i. ^>/<-^(pi 
^43-4 6 i^z ^ ^ i^n^^x\^^^y'—^m^'\zmctl 
50 v^mxm^^7j<^\.mn^^t\z.t^^, z<Dtzib. mm 
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[0 0 9 4] i^±60J; b tc. i^mMm\^t^t^hWL^^7r^ 
W;!jD-r ^ iii^fi-^o^ilii ^ 13: ^-r 6 o T V ^ ^5 CO 

[0 0 9 5] r;Jx(Cc}:«9> mrlSoHj^^j 1 O^^re^Tj^ig 
[0 0 9 6] fSi. ±IBC0|l«I^Jt^i3l.NTJi. y'-^m^ 

^ff^^J^^8COAND-NOR[Hlg§4 7tr(l. T^— 
[0 0 9 7] rtLf;iJ:0> y^—^m^'^^n\fyh(Dy'^ 

[0 0 9 8] mmms) :^mm<r>^tb\m^mmmi^^ 

o^^T!§Il O{cS<5VNTUi0^-riLJlv i^Tt?5ii r-fe 
[0 0 9 9] ;^^^iS05J{«i;6^7!)^'5?^B^a^^S^gJi. m 1 0 
So ^S^S«8 i{;ifi. ir>/7« vh^ii]K^-r^<r* 

^m-^rmmW]^^S 7^-^{t-§-j^8 2 a-^^U 



(10) !\^^^7-2 5 3 7 6 4 

18 

®)lHlS§8 3(i. *S{t-^i^8 3 a•••^^LT^^^l-•• 
[0100] ±tSc7)#|g®)[BlSS 82-83 (1, =r>-hci 
l^So h /U(E]g&8 4 li. 0y^Jf 1 >^>r — 7U KfO 

Kp^^y 8 5 a • 8 5 b ^{ix.XV^So ±m<D=i'^ hn 
-yHsJlfS 8 4 fi. ^m-^j^8 4 a;0^^A;^^nS^§^:7 
/t? ^—/\^h*(Dy^—^m^^y^—/l^h*;^^V 8 5 a (C|alg 
^^±S<i:^{:i. :7^— yi-Kp<^!; 8 5 btc|2tt$ixTVN 

(7)3:/ hn— >rHpIgS8 4 2>vCO:7^— K^rB1{C*5V^ 
Xn. y-f-'JUh*^^]) S 5 a tZ7^-'/U\^7^^V S 5 

[0101] ^VX. =^>h /w[p]g§8 4f:i. 

>ruK;^^y 8 5 a^fc(i:7^'— /i^hv^y 8 5 b (ClElt 
[0 10 2] Z<Dj:b^Z, h n-/Hp]^8 4{^. ^ 

[Hl)fS8 2 • 8 S^fm^-fr-So 

[0 10 3] Jeil±(Oj:9tc. ^mmm{ct)^t^:5m^Bm7r^ 

30 mmn. :7^-/vK7«^y 8 S a • 8 5 btClBtt^tt^c 
8 2 • SS^i'^m^^. ^—Ji-V'(Dy'—^m^^ 

1 -\cm'i^ir^ ^l^V yi^lHlSg 8 4 ^mx^x 
v^So rcDfc*?). ?Sh^S«8 lJi(^#^^i-{cf:i. -r 

-M<£i^-r ^:it t^-^m tt^^o 

[0 10 4] m^B^^s l±cD^^^l^c:fc^/^ 

50 [0 10 5] m(c:J:<p. ^mT^cCm^r-. 
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79 

[0 10 6] i^. ±m<Dy'-i$^m^mmW}mms2. ^ 

t>\ 7 ^ y 8 5 a • 8 5 b (i. f^^a^tS 8 1 

5a • 85b{i. m^^m^s imm^thx\^^^mmt 
[0 10 7] mmme'} ^mm<o^h\m<ommm\z 

[0 10 8] ;*:^ig0iJlCl;e)>;i^S?KBl^^ig®{i, 

^;^i^g{Cjott6 7^— /t^ K>^y 8 5 a • 8 5 b coj-^ 
m 1 VRAM(Video Random 

Access Memory) 9 6 ^{1^-6 ^#^1::. CPU (Central 
Processing Unit) 9 5 ^ ^ ^lcm?Lfzm)^tfJ:-^X\^^ 
So rn^CPUe 5:}3j;t>*VRAM9 6ti. 3>ha 

[0 10 9] Ji|S(7)CPU9 5Ji. iF^^Stg8 1 tC-dx 

i^'ff^) ^7="— i5^^<;^^-r ^-9 5 b ^^LTVR AM 
(lEti^^) 9 etClStt^itSo t.ti. CFVBSn. 
^ ^ y 0J^ft-^jS 9 5 a ^^VXVRAM9 e^mmir 
^tmz. 7="— >9 5 b ^^LrVRAM9 

6 \zw.m^tix\^^i>y'-^m^'^m^m'ro 

[0 1 1 01 =i> hn— yHHl^84(l. ^:7^'— yuKSS 
rBl{;i*5V>T7f^y^JWt-§-M9 5 a ^^nSff-^^^^ 

i5^-i-Sw^{cj: ±my -c-7l^h^mm{c^nhy^- 
So -^LT. =3>- h yHp]!fS8 4(1. ^^:7^— /^K 
K^rBlf^(^CPU9 5;5SVRAM9 6 {Cy^— if-^^gr 
fctCiait^-fr/'c^'^t^CO.^. 7^-^«-^j^ig®)lHli?&8 2 
*5j:t>*3feSft-i-lftlg»j[5Ig&8 a^fm^itSo micj: 

(9, ha— /U[pjg§8 4(1. VR AM9 6{ClElt^iX 

T^/^ST'-^^t-^^v^-^^t•§•|||gleJIH^^§8 2 ^:^UT 

fis^a^^s i±(cjia^o$nfe#^^i-{cff]^D-rso ^ 
lo 1 1 ii ^±<DXo^^. ^mmm^ct^t^^m^nmm 

^Ed. T'-^it-^^iSti-rSVR AM9 6 t . =i>'h 



(11) 4^^5^7-2 5 3 7 6 4 

So 

[0 1 1 21 rntcj:*?. ^^<Dmmm5<Dm^Bm7j^m 

[0 1131 

i^±coj:3{-. m^Bm7j<m^n. ~'^(Dmmxm\^ 

7ti:4{c. M^^.T^tcll-rStf^T'feST^-^ft-i-^^ 

[0 114] fii*^^it^-c% m^mti:^*^^\^ 

mtm\^ ^m^Bm7j<mm^mmi-^ r t t^'^mt s i: v ^ 
[0 1151 :^^m(Dm^m2mm(Dm^Bm7j^mm:n. 

^tifzt^K^ ®«l^^(c||i-Slt^T-fcS7^-^ft-i- 
^{^l^i-Si^^^^lHlgS^. ±157=^— ^5'it-^^cS^l^T®^ 

{c#^i&i-s®«m-^<^^^mjE^i^:^-r s^^ifii^ i: . 

m^co^r«irHiRiT'ij^{i-^(7)ffif:i^K(s$'^s^teiHiss 

t^mK,x\^^^m^x^^o 

[0 116] mmf£m^x% mmmt!t>^^b 

^^:^^^-rSo 

[0 117] :^m^<ommmsmm.<Dm^B^7j^mm:n. 

^ e>tc:^ix.Tv^s^t^!cT*$>So 
[0 1181 m{:iJ: m^Bm7jk'^m(Dm^^J::^'- 

[0 119] :^^m<om:^m4mi^<Dm^m7j^mmi'^. 
4£fei^/h^<t-s-:^. mm<Dmmm^'^\.fzt^ 

[0 12 0] mmwmmm(om^mxk^^ 

[0121] :^^m(Dm^^5mm.<om^B^7r^mmii±. 
50 J^±c0ctp(c, ^t^y ^—/i^h^commt^t. ly^- 
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[0 12 2] rtLlCj;f9. #i®^(c:x-^fi-^^^^^-r 
113 2] ±i^m^a^7r:m^<Dm^^^'rym.^y^mx;^ 

So 

[igi4] (a) . (b) . (c) m^. ±mm^Bm^m 
[1151 :^mm(Dm(Dmmm\c^iir:s>m^Bm7r:mm:<Dm 

[13 6] l35C0^^B^^^^<0#gp^C^AP^ttTV^^# 
[119] ll8(^f^B^a^^^-1^CO#gl5{:i^^0$ixri^'5# 

[Hio] 2|s:^?^<;5$f>j;im<^^J£0iJ(^*3ttSf^^H^?j^ 
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10 



20 



30 



mil] ^^m<D^h{zm<Dmmm\^:is\'f^m^Bm7r: 
m^-(Dmm] 
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[1^5] 
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(14) 



7-253764 
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II 0] 
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(15) 



WBfi¥7- 2 5 3 7 6 4 
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1. 
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